Social Q&A sites such as Yahoo! Answers and Naver Knowledge-iN have become a viable method for information seeking and sharing on the Web. Considering their immense popularity and growing concerns about their validity as information sources, questions about the credibility of the information provided on social Q&As are timely. Therefore, this paper summarizes recent research on credibility related to the social Q&A context, identifies research gaps, and presents a research agenda for future research to advance this newly developing area.
Introduction
The recent past has witnessed the enormous growth of social media sites such as Wikipedia, YouTube, Yahoo!Answers, and more. These sites offer users opportunities to be creators as well as consumers of information by allowing them to generate content in various formats. User-generated content, which is individually experienced and contributed information, has natural advantages. First, individuals are in many cases in the best position to provide information that requires personal experience, opinions, and views (Flanagin & Metzger, 2008) . Second, the movement towards user-generated content on the Web has led to collective intelligence, which enables people to make informed decision making.
Social question and answering (social Q&A) sites such as Yahoo!Answers and Naver Knowledge-iN are a phenomenal example of the user-generated content and have emerged as an alternative tool to automatic Web searches. The lack of professional editors to monitor these sites, however, has raised concerns about their credibility and possible hazards that could be encountered by information seekers. Accordingly, in the mid-2000s, researchers began their investigation by searching for answers to as to how credible social Q&As are and how people perceive the credibility of the information provided by fellow users in that environment. Given that social Q&As have become a viable method for information sharing, and difficulties involved in the credibility evaluation of answers provided by the public are high, it is timely to discuss the issue of credibility in the context of social Q&As. Additionally, in spite of extensive literature on credibility in general, few comprehensive reviews are to be found on credibility within the social Q&A context. Therefore, this paper aims to offer a review that explores the main trends relating to credibility on social Q&As in the literature from 2004 to 2012. This paper will, first, provide an overview of the concept of credibility with an introduction to the framework that guides the review of literature. It will then review literature on the credibility of information in the social Q&A environment to identify research gaps. Finally, it will suggest future research directions to advance the area.
Background

Credibility
While credibility is a multidimensional construct encompassing believability, trust, reliability, accuracy, fairness, objectivity, and others (Self, 1996) , many researchers define credibility as believability (Tseng & Fogg, 1999) having two primary dimensions, namely trustworthiness and expertise. Trustworthiness refers to a source's willingness to provide accurate information and expertise refers to a source's ability to provide accurate information (Hovland, Janis, & Kelley, 1953) . Within information science, credibility is generally related to information quality. Taylor (1986) defined quality as "a user criterion which has to do with excellence or in some cases truthfulness in labeling" and identified five components of quality: accuracy, comprehensiveness, currency, reliability, and validity. Although Taylor did not explicitly use the term 'credibility', the notion is embedded in his derivation of quality from reliability and validity (Rieh & Danielson, 2007) .
Another related concept to credibility is cognitive authority. Credibility and cognitive authority are interrelated in that both have trustworthiness and expertise as two main components. Wilson (1983) coined the term 'cognitive authority' to explain the kind of authority that not only possess expertise and trustworthiness, but also influences thoughts that people would recognize as being proper. This notion helps people consider the criteria they should use when evaluating information sources. Finally, credibility has been viewed as one of relevance criteria in information science (Barry, 1994; Bateman, 1999) .
Previous research shows that there is a core set of criteria that consistently appears across contexts: topic, accuracy/quality, authority, completeness/depth, document type, and belief. These relevance criteria, the dimensions of credibility, and the components of quality significantly overlap without having the clear-cut lines that separate them.
When evaluating information credibility, there are two contrasting perspectives (Flanagin & Metzger, 2008 ). The first perspective views credibility as an inherent, objective property of information and seeks to measure the accuracy of information by accepted standards or experts in a particular domain. By nature, this objective perspective is content-oriented and suitable for evaluating scientific knowledge. The second perspective, on the other hand, views credibility as a perceived quality on the users' side. Considerable empirical studies have taken this user-oriented perspective to understand users' perceptions and factors influencing their credibility evaluation.
The question of which perspective to choose is critical to understanding a credibility study because the selected perspective determines the definition of credibility and subsequently, research design, and the interpretation of findings.
In addition, a number of studies have suggested new ways to automatically identify credible information on social Q&A sites over recent years.
These studies have formed a body of knowledge mainly in the computer science field with the purpose of automating a credibility evaluation process.
Considering that users do not make aggressive efforts in evaluating the credibility of information online, developing automatic systems that could assist users in identifying credible information in social Q&A will continue to be an important topic in the realm of credibility research. Therefore, this paper divides previous studies on credibility in social Q&As into three broad domains: 1) content-oriented approach, 2) user-oriented approach, and 3) system-oriented approach.
Social Q&A and credibility
In social Q&As (also called as collaborative question and answer communities or knowledge communities), answers are provided by a large community of users who actively engage in answering a question on any topic, irrespective of their level of expertise (Rodrigues & Milic-Frayling, 2009 (2007) 
Scope
To set boundaries of literature review, this study focuses on previous research in the above-mentioned three domains: 1) research that empirically measured the credibility of information on social Q&As in an objective manner by established standards or experts (content-oriented approach), 2) research that examined users' perceived credibility or identified factors influencing users' credibility evaluation (user-oriented approach), and 3) research that suggested a new way to automate the process of finding high quality information on social Q&A sites (system-oriented approach). Excluded were studies that analyzed the phenomenon of social Q&As theoretically or reported users' general question asking and answer behaviors (e.g., frequency of use, answerers' motivations to share information) with no relation to credibility.
To find articles related to the credibility issue in the context of social Q&As, the author searched In LISTA, ACM, and CMM, search queries were developed to capture two key concepts -'credibility'
and 'social Q&A'. The terms that represent each concept were ANDed to retrieve articles containing both concepts (see Table 1 ). After browsing the abstract of reviewed articles, relevant articles were selected for review.
In DBPIA and RISS, search terms, '지식검색' and '지식포털' pulled up a large number of articles across various disciplines. Again, by browsing the abstract of each article, only relevant articles were selected for analysis. When comparing the number of articles between the two countries by research areas, the biggest gap exists in the number of articles taking the system-oriented approach (Table 3) .
Literature Review
Overview
While articles in the system-oriented approach domain accounts for 76% of the retrieved articles Content-oriented approach 8(9%) 5(27%) 13(12%) User-oriented approach 13(15%) 7(39%) 20(19%) System-oriented approach 66(76%) 6(33%) 72(69%) Total 87* 18 105 Note: *One article mixed both the content-oriented and the user-oriented approaches, so it was counted in both.
<Table 3> Number of articles by research areas
Content-oriented approach
In this domain, there has been an ongoing discussion about the reliability of information produced by the public versus information produced by professionals or experts. There are two methodological issues to consider when conducting credibility research taking the content-oriented approach: raters' background and types of test questions. Jeon, Kim, and Chen (2010) found that the rater background makes a difference in evaluating answer quality: graduate students in Master of Science in Information (MSI) programs, who are considered semi-professionals, gave lower answer quality ratings than did undergraduate English majors in their study. This shows that experts tend to be more actively involved in information evaluation.
Since the purpose of research in this domain is an objective evaluation, raters' expertise is critical in with other sites that attract more informational questions (Fichman, 2011) .
To overcome the methodological limitations, researchers should hire domain experts or train competent raters to ensure the accuracy and consistency of evaluation, and explain the characteristics of test questions so that readers can judge the validity of the study.
User-oriented approach
Research in this domain addresses users' judgment of information credibility in two areas: 1) users' perceived credibility of an overall social Q&A site, and 2) users' judgments of individual answers on a particular site.
In the first line of research, Park and Jeong (2004) surveyed 253 users of social Q&As in Korea and found that a majority of the participants were satisfied with the quality of answers on social Q&As. Those who were not satisfied reported insufficient information and lack of accuracy and relevance as major reasons of dissatisfaction. When users are sat-isfied with answer quality on a social Q&A site, their perceived credibility of the overall site increases, which in turn increases users' intentions to continue to use the site (Kim & Han, 2009 ). This confirms prior research indicating that credibility is a significant predictor of an online community members'
desire to get and provide information in the community (Ridings, Gefen, & Arinze, 2002) . However, even those who do not give great credence to social Q&As still use them for many reasons: they may want to collect opinions from others who have a similar problem or to find information that is not easily retrieved from a traditional Web search engine (Kim, 2010) .
Briefly, it is evident that the perceived credibility of a social Q&A site influences one's decision to use it, but it is not always the first and foremost factor. People have other good reasons to use it.
In the second line of research, which focuses on the subjective evaluation of individual answers, a significant barrier is the difficulty of gleaning credibility evaluation from actual users because in the majority of cases, social Q&A site users cannot be observed directly. Accordingly, many researchers based their analyses on user ratings of answers or the comments provided by askers when selecting a best answer. "Best answers" is a feature available in Yahoo! Answers: an asker can select one of the answers as the best from the set of answers they received or let the community vote and select one.
Many researchers have considered the best answers chosen by the askers as an appropriate subjective measure of high-quality answers.
In an early study, Gazan (2006) analyzed the con-tent of high-rating answers in Answerbag to identify factors that make a good answer. He found that questioners generally ranked higher those answerers who did not claim expertise, but provided links to external sources than those who provided information based on their expertise without a reference. This finding is consistent with Harper, Moy, and Konstan (2009), who demonstrated that answers with citations or links to other sites tend to receive higher ratings than those without. In addition to citations and references, askers' preferences for answers with emotional connotation were also observed in the study of Kim and Oh (2009) Although these studies provide useful insights into the characteristics of best answers or high-rating answers, the research method they used, which is the content analysis of the answers or comments, is purely descriptive and cannot reveal the underlying motives of the observed pattern accurately. To overcome the limitations, several user studies have been conducted where users were interviewed, observed, or experimented on directly to evaluate the credibility of information.
After interviewing 36 askers of Yahoo! Answers, Kim (2010) identified 22 criteria people use when evaluating the credibility of given answers and grouped them into three classes. This study is meaningful in that it identified a comprehensive list of credibility criteria askers actually use on a social Q&A site through their own words.
A notable finding in the study is that the askers gauged an answerer's expertise using various cues.
For example, a user profile was the most frequently consulted information about an answerer's credentials because it provides the history of answers including the best answer ratings. The content of the answers and the answerers' self-claimed expertise also serve as cues of expertise. In the same vein, Golbeck and Fleischmann (2011) found that text cues containing an answerer's connection to the topic at hand help build trust between the questioner and the answerer.
Since it is difficult to evaluate an anonymous answerer's trustworthiness in a social Q&A environment, it is natural that askers rely on the perceived expertise more heavily than trustworthiness by using available cues.
Another important credibility criterion in Kim's (2010) 
System-oriented approach
In this domain, there are two primary approaches:
1) a feature-based approach and 2) a graph-based approach.
The feature-based approach analyzes answer quality or answerer's authority based on textual features (e.g., typos, syntactic and semantic complexity) or non-textual features (e.g., click count, N of best answers).
Relying on textual features, some researchers developed complicated language models to model the interests of an answerer or a questioner on a social Q&A site. Wang et al. (2009) One of the limitations of existing language models is that since question description on a social Q&A site is usually shorter than ordinary documents, it is very hard to build a question model for similarity calculation (Zheng et al., 2012 (Kim, Park, & Lee, 2010) and even on a mature social Q&A site, it is not strong enough during the early participation of a user. A major methodological benefit of evaluating non-textual features is that it can avoid the complexity of linguistic content analysis in addition to being language independent . Bouguessa, Dumoulin, and Wang (2008) and Jeon et al. (2006) incorporated the non-textual features into the language model-based retrieval model and achieved a significant improvement in retrieval performance.
Among various non-textual features, the number of "best answers" given by community users is often considered as an indicator of authority of the answerer (e.g., Dom & Paranjpe, 2008) . Unfortunately, developing an algorithm that can pick the best answer from a set of answers for a given question is extremely difficult because the act of selecting the best answer depends on many factors including socio-emotional criteria as shown in Kim and Oh (2009) .
When answer quality is characterized by best answers or other non-textual features, answer length is the most significant feature for predicting answer quality Adamic et al., 2008) . Bouguessa, Dumoulin, and Wang (2008) corroborate that just the very basic metric of reply length was most predictive of whether the answer would be selected as the best answer. In certain topic categories, however, the number of competing answers and the history of the answerer were more likely to predict answer quality. It is inferred that a lengthy answer is more complete, providing more accurate and detailed information. It is also possible that an asker appreciates the answerer's effort and time to create such a long answer, so selects it as the best answer.
Another line of work in this domain explores the rankings of social Q&A users through the construction of the user graphs and the use of well-known link analysis algorithms such as PageRank (Page et al., 1998) and HITS (Kleinberg, 1999) . These algorithms make use of the question-reply structural information in an online community, but not the con- However, it is more logical to assume that each answerer has different levels of expertise for different topics. Therefore, Suryanto et al. (2009) suggested question-dependent expertise-based methods and found that the methods outperform methods using answer features only. Kim, Park, and Lee (2010) created an algorithm that considers user centrality based on Social Network Analysis (SNS). Their algorithm which combines textual, non-textual information as well as link analysis outperforms the feature-based algorithm only.
What should be noted at this point is that there are conflicting results in research using the graph-based approach. For example, Jurczyk and Agichtein (2007) performed link analysis on a dataset from Yahoo! Answers by using a slight adaptation of the HITS algorithm. Their results indicate that the HITS algorithm outperformed simple graph measures such as InDegree. On the contrary, Bouguessa, Dumoulin, and Wang (2008) show that a simple technique such as InDegree is the most appropriate for rating the authority level of each user in Yahoo! Answers.
Further research should reanalyze the characteristics of the data sets and methodological procedures of the studies to reconcile the conflicting results.
Agendas for Future Research
Reviewing previous research on the credibility of information on social Q&As lead to the identification the following avenues for future research for each of the three domains as well as across the domains. It is possible that researchers conduct studies outside the above-discussed three domains. For example, previous research has revolved around information seekers, examining how they evaluate credibility or automating the process of retrieving credible information for them. Another side of credibility that has received less attention is lay information providers who post answers in social Q&As. Research can be conducted, for example, to link their perception of credibility and other variables to the practices by which they establish credentials and to develop an information system for them.
Across the domains
Conclusion
The amount of user-generated content in social media is exploding, completely changing the way people seek, share, and evaluate information. In terms of credibility evaluation, understanding the method- 
